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FOREWORD
The cooling rates (watts) provided by various auxiliary cooling undergarments have been determined in biophysical studies using a life-sized sectional manikin. These auxiliary cooling undergarments provided cooling to the surface of the head, torso, head and torso, torso-arms-legs, head-torso-armslegs or the total surface of the manikin. The coolant used in these undergarments was either a liquid (water), solid (ice), or gas (air). The cooling fluid flowing through the tubing of a liquid-cooled undergarment provides conductive/convective cooling to the surface of the skin directly beneath the tubing. Air-cooled undergarments (e.g., an air-cooled vest) direct the cooling air directly over the surface of the skin where it passes through the clothing to a hot environment. 
EXPERIMENTAL METHOD
The electrically heated sectional manikin consists of six sections: head, torso, arms, hands, legs and feet. This manikin was placed in a standing position in a large temperature and humidity controlled chamber (chamber dimensions:
length 5.8 m, width 3.9 m and height 2.7 m). Chamber environmental conditions were either 320C at 56% relative humidity or 450 C at 46% relative humidity.
Duplicate runs were made in each of these two hot chamber environments. Each These values decrease to about 46 watts and 26 watts, respectively over the second hour of cooling. Some torso cooling is provided for up to three hours of cooling time. FKi   1 -3-;. , ---, , ,. -_. . --, .,.. . . .. .-. TORSO COOLING TIME-MINUTES respectively over the second hour of cooling. Over a two hour cooling period about 78% of the cooling is provided over the torso and 22% over the head.
These percentages are about the same as the percentages of total tubing coverage over the torso and head, respectively. p -,-, ,,-o~~~~~......-.-.-.-.....-..-..............--*.-.-,....-. 
DISCUSSION
The concept of a portable auxiliary cooling system analogous to the offthe-shelf portable breathing apparatus used by firemen operating in toxic, gaseous areas of a building has potential for alleviating the heat stress on combat vehicle crewmen operating in a hot, hostile environment which requires that they be completely enclosed in a chemical protective (CW) suit. These auxiliary cooling systems have to be sufficiently rugged to withstand the day-today stresses of being stored in an AFV operating over rugged terrain. A supply .
of charged batteries with sufficient energy to enable a pump to initiate and maintain the flow of the cooling fluid through the tubing of the undergarment is essential. Since the fluid in the tubing of the undergarment will initially be at the temperature of the hot environment, the heat exchanger should have sufficient capacity to provide cooling to a combat vehicle crewman for at least a two hour period, after the initially hot fluid has been cooled down to its operating temperature. To minimize the time lost in inserting a fresh battery and frozen containers, the system should be designed so both would require replacement at about the same time.
The LCU #1 is worn under the clothing. This would require the clothing covering the torso to be removed or modified so that a battery and frozen containers could be inserted or replaced. The LCU #2 has the battery connection and the heat exchanger located over the outer layer of clothing. This permits ready access when the battery and frozen containers have to be inserted or replaced. 
CONCLUSIONS
These two liquid-cooled undergarments utilize frozen containers to cool a liquid which is then circulated through the tubing of an undergarment by a battery-driven pump. Cooling is provided over the torso by LCU #1 and over the torso and head by LCU #2.
Over a 2-hour cooling period, LCU #1 provided a maximum of 140 watthours of cooling over the torso under the test conditions; LCU #2 provided 148
watt-hours of cooling, maximum, over the head and torso. A recent study (1)
showed that an ice-packets vest worn in a hot temperature environment of 52 0 C has the potential of providing about 336 watt-hours of cooling over the torso for a 2 hour cooling period. The cooling potential per unit weight of the complete liquid-cooled undergarment system (i.e., undergarment, battery, pump, frozen containers, fluid, etc.) was 28 watt-hours/kg, maximum, for the LCU #1 and 21
watt-hours/kg for the LCU #2. Comparatively, the cooling potential for the icepackets vest would be 66 watt-hours/kg. However, this ice-packets vest had a full complement of ice packets; its maximum cooling potential has been obtained. The cooling potential of these two liquid-cooled undergarments could be increased by increasing the efficiency and the capacity of the heat exchanger, the surface area coverage and the flow rate of the cooling fluid. 
FUTURE STUDY PLANS
As more advanced auxiliary cooling undergarments become available it 
